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[57] ABSTRACT

In a microelectronic ﬁackage of the type where Si-
based integrated circuits are eutectically attached to a
Pd/Au-based thick film conductor, a method of reduc-

- ing the potential for thermal runaway is taught. The

method involves increasing the surface area of the Pd to
lower the Vbe ratlng This reduces the potential for
thermal runaway in subsequent 1ntegrated circuit opera-
tion. It has also been found that increasing the particle

size of the Au component further decreases the Vbe
| ratlng

5 Claims, No Drawings
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- THICK FILM CONDUCTORS FOR USE IN
MICROELECTRONIC PACKAGING -

' A microelectronic package 1S an arrangement of inte-

grated circuit chips attached to a ceramic substrate and
contaming a suitable mter-eonneetlon soheme, for ex-

ample a deposit metalization pattern, or thick film con-
ductor. The current invention relates to thick film ‘con-
ductors useful to prevent a degradation in integrated
circuit performance known as'thermal runaway

'Pd doped ‘Au thick film conductors are used in many
circuit applications where aluminum wire bonds com-
plete the required connections between the microelec-
tronic package and other circuit oomponents The pres-
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It 1s a further object of the present invention to pro-
vide a thick film conductor which distinctly reduces the
chances of thermal runaway in.microelectronic pack-
ages of the type under consideration.

It is yet another object of the present invention to
formulate a thicx film conductor which is susceptible to
easy and.relatively i inexpensive manufacture.

- It has been discovered that in creasing the surface area
of the Pd component of a Pd/Au conductor lowers the
Vbe readings. It has also been discovered that increas-

- ing the particle size of the Au.component further lowers
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. ence in the Au film of small percantages of Pd (rangmg |

from 1% to about 3%) is known to those skllled in the
art to be advantageous in preventing adhes1on degrada-
tion of aluminum’ wire bonds durlng thermal aging.

package construction is known as eutectic die attach-
ment. This is a process by which an Sl-based integrated

- circuit is plaeed on an Au-based thick film conductor-

'Iwhlch ltself 1S loeated ona su1table substrate The com-
bination is- ra1sed to a temperature of approxrmately

~ 370° C,, causing an Au/Si eutectic bond to form.
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| Unfortunately, as those skllled in the art are yvell |

aware, the use of the eutectic die attachment . process is
often incompatible with Pd. doped Au conductors. It

has been found that use of eutectic die attachment in-

association with such Pd doped Au ﬁlms leads the inte-

grated circuit, durlng subsequent operatlon to exhibit.

‘thermal runaway:. - L |
~ Thermal. runaway 1S an unstable condltlon in -the
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~An 1rnportant process 1nvolved. in mlcroeleetromc 20,

the Vbé rating. The examples displayed below will
show these improved Vbe characteristics and will show
the unexpeoted and surprisingly beneficial results ob-
tamed by use of the present'invention: |

-'The " conductor paste formulation comprises by
weight about 7.6% vehicle, about 81.2% Au, about
1.3% Pd, about 0.4% Pt, about 1.3% ZnO, and the
remainder comprising BiyO3 and a conventional pOwW-
dered glass frit in the ratio of about 2 to 1.

‘The 70% to 90% metal content is typical of thick film
oonductors and those skilled in the art understand that

> to attempt to use a much less metallic system would
_have detrlmental effects on conductivity.

‘The vehicle can be any one of a number of commer-
cially available organic screening agents; for example, a
solvent such as terpineol and a resin such as ethyl cellu-

lose are formed in a mixture comprising about 10% by

weight of ethyl cellulose and 90% by weight terpineol.

- Those skilled in the art know the various vehicles
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semi-conductor composltlon which manifests itself as a

rapid, unbounded increase in collector current which
persists until failure occurs. For a further discussion of
- the problem of thermal runaway, see Thornton, et al.,

‘Characteristics and Limitations of Transistors, Section 2

which can be used in this type of application, and the
vehicle need not be further explained.
The powdered glass frit is also commercially avail-

~ able. Those skilled in the art also know that a powdered
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SEMICONDUCTOR ELECTRONICS EDUCA-
TION COMMITTEE, VOLUME 4 (John Wiley &

‘Sons, Inc.).

Because thermal runaway has been found to occur

when eutectic die attachment has been made on to Pd
~doped Au conductors, it could become necessary to
conduct the additional manufacturing step of printing a
- pure Au conducting area specifically for eutectic die
- attachment. This extra step causes additional expense.

The potential for thermal runaway can be determined
~ by taking a DC voltage measurement across the for-

- ward-biased base to emitter junction of the integrated

circuit. This voltage (Vbe) is measured in millivolts, and
the importance of this parameter in connection with the
phenomenon of thermal runaway is well known to
those skilled in the art. See, for example, M. H.
McLaughlin, et al., Thermal Chip Evaluation of IC Pack-

aging.
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In the applications under cons1deratlon, those skilled

in the art understand that the lower the Vbe rating, the
-smaller the chances for thermal runaway. |
It is accordingly an object of the present invention to
~ provide a thick film conductor for a microelectronic

package which exhibits Vbe ratings generally lower
than 250 millivolts. | )

It 1s a further object of the present invention to create

a Pd doped Au thick film conductor which is adaptable
for euteotlo die attachment.
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~ volts. It appears that increasing the surface area of the

glass frit of the lead boro-silicate type can be used in this

type_of appli¢ation; and accordmgly, the glass frit need

not be further discussed.

In forming the thick film conduetor, the paste de-
scribed above is deposited on a substrate and heated to
a temperature sufficient to burn off the vehicle, leaving
the thick film conductor bonded to the substrate. The
conductor then has a composition of, by weight, about
87.88% Au, 1.41% Pd, 0.43% Pt, 1.41% ZnO and the
remainder being BiyO3 and glass frit in a ration of about
2 to 1.

The following examples will show that where con-

',ductor formulation was otherwise held constant, Vbe

proved to be inversely proportional both to the size of
the surface area of the Pd and to the particle size of the

A

EXAMPLE 1

A conductor was manufactured and composed as
described above. As shown in Table 1, with all other

parameters remaining constant, an increase in surface

area of Pd from 4.38 meters?/gram to 5.22 meters2/-
gram resulted in a reduction in average Vbe from 365
millivolts to 327 millivolts. A further increase to 25
metersZ/gram resulted in an average Vbe of 276 milli-

Pd to at least about 5 meters?/gram is necessary to
achieve the desired reduction in Vbe.
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TABLE 1. TABLE 2-continued
Au Characteristics Pd Characteristics Aver.
S Au Characteristics Pd Characteristics age
Aver- Sur. Part. =Tap Sur. Part. Appar. Vbe
age > Area Size Dens. Area Size Dens. Milli-
Sur. Part. Tap Sur. Part. Appar. Vbe Lot No. (M%/g) (1) _(g/cc) (M%/p) (w)  (g/ in’) __ volts)
Area Size Dens. Area Size Dens. (Milli- 3%8332719738 ﬁ iiﬁ 2?}} i;g ggg _3)::: g%g
Lot No. (M%*/g) () (g/cc) (M2%/g) (w) (g/in®) volts) ' ' * - - -
SI00179A .63 1.73  6.56 438 0.51 8 : :
36510 The data compiled herein demonstrates that use of Au
SI017 0 L1636 22 039 82 327 of large particle sizes can produce additional improved
S102579 .63 173 656 25  .1-3 37 276 8¢ P P P

The data compiled herein demonstrates that the use of
Pd of large surface area sizes can produce improved and
beneficial results, and make a commercially superior
product than was previously possible.

EXAMPLE 2

A conductor was manufactured and composed as
described above. As shown in Table 2 with all other
parameters remaining essentially constant, an increase
in Au particle size from 1.73p to 1.96u resulted in a
reduction in average Vbe from 327 millivolts to 220
millivolts. A further increase to 4.4u resulted in an
average Vbe of 218 millivolts. Increasing the particle

size from 1.73u to 1.96yu results in a dramatic decrease
in Vbe.

TABLE 2
Aver.
-__Au Characteristics Pd Characteristics age
Sur. Part. =Tap Sur. Part. Appar. Vbe
Area Size Dens. Area Size Dens. (Mill-
Lot No. (M2%/g) (W) (g/cc) (M2/g) (w)  (g/in)  volts)
S100179 .63 1.73  6.56 5.22 0.39 8.2 327

15

20

25

30

35

40

45

30

and beneficial results and make a commercially superior
product than was previously possible.

What is claimed is:

1. A thick film conductor suitable for use in associa-
tion with Si-based integrated circuits in a eutectic die
attachment process, said thick film conductor compris-
ing by weight, about 87.88% Au, 1.41% Pd, 0.43% Pt,
1.41% ZnO and the remainder being Bi;O3 and glass frit
In a ratio of about 2 to 1, said Pd having a surface area
of at least about five meters2/gram.

2. A thick film conductor in accordance with claim 1

‘wherein said Pd has a surface area of 5.2 meters?/gram.

3. A thick film conductor in accordance with claim 1
wherein said Pd has a surface area of 25 meters2/gram.

4. A thick film conductor suitable for use in associa-
tion with Si-based integrated circuits in a eutectic die
attachment process, said thick film conductor compris-
ing by weight, about 87.88% Au, 1.41% Pd, 0.43% Pt,
1.41% ZnO, and the remainder being BiyO3 and glass
frit in a ratio of about 2 to 1, said Au having a particle
size of 1.96p.

5. A thick film conductor suitable for use in associa-
tion with Si-based integrated circuits in a eutectic die
attachment process, said thick film conductor compris-
ing by weight about 87.88% Au, 1.41% Pd, 0.43% Pt,
1.41% ZnO and the remainder being Bi1>O3 and glass frit
In a ratio of about 2 to 1, said Au having a particle size
of about 4.4u.
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